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INTRODUCTION
Soccer field referees (FRs), supported by two assistants, are respon-
sible for supervising and judging the action of the players and penal-
izing offending individuals [1]. The FR has responsibility for imple-
menting the rules of the game and guaranteeing that players abide 
by its regulations [2]. The economic importance of football matches 
has increased enormously, as have the physical and psychological 
demands on referees [1, 3]. It has been reported that during a com-
petitive match, FRs cover an average distance of between 9 and 
13 km [4]. These values appear to be dependent on the level of 
competition, especially between national and regional levels of the 
game [4]. As well as the distance covered, unorthodox movements 
such as backing or shuffling sideways have also been recorded [2]. 
The FR usually adopts backward running in order to withdraw from 
the action while still controlling it [4]. 
Different studies have analysed these unorthodox movements [5-
7] and also 1268 activity changes during an average competitive 
match in elite FRs [8]. An exercise mode change has been registered 
every 4.3 seconds [8], while in an earlier study [6] the frequency 
was every 6 seconds. Among these unorthodox movements, backward 
running was involved for 5.3±2.4% of the total match time [9], 
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equating to from 6.9 to 18.2% of the total distance covered [5, 7, 
10] depending on the FR’s level and the year of the study. With 
respect to the sideways movements the values were lower and ranged 
from 1 to 1.3% [5, 7] of the total distance covered, while the per-
centage of total time was recorded to be as low as 0.2 ± 0.2% [9]. 
Sprint movements are important because at higher competitive lev-
els of the game, the speed of match play is significantly quicker [11], 
which may thus increase the physiological/running demands on ref-
ereeing [12]. Furthermore, velocity helps FRs to be closer to the play 
for better observation and analysis [13]. During competitive match-
es, FRs cover from 1.7 to 11.8% of the total distance in sprints [5, 
7, 10], corresponding to 0.4 ± 0.2% of total play time [9]. Given 
the high rate of activity changes recorded, the variety of movements, 
and the qualitative value of unorthodox movements, it would appear 
necessary to test the change-of-direction ability (CODA) [14] in FRs, 
similarly to a research study carried out by Castagna et al. [15], 
which was implemented with assistant referees (ARs). 
Therefore, the aim of the study was to examine the CODA and 
acceleration ability of Spanish soccer referees and analyse differ-
ences between soccer referees of different categories, namely “high-
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er level (G1) or lower level (G2)” referees, in agility and sprint per-
formance. The supposed high performance in the CODA of the elite 
group was adopted as the study hypothesis.
MATERIALS AND METHODS 
Participants. The study included a sample of 41 Spanish soccer 
referees from the Navarre Committee of Soccer Referees (Comité 
Navarro de Árbitros de Fútbol) divided into two groups: the higher 
level group (G1, n = 20): 2ndA, 2ndB and 3rd division referees from 
the Spanish National Soccer League (age: 28.43 ± 1.39 years; 
height: 177.40 ± 0.04 cm; body mass: 73.52 ± 7.78 kg; body 
mass index (BMI): 23.48 ± 0.61); and the lower level group (G2, 
n = 21): Provincial League soccer referees (age: 29.54 ± 1.87 
years; height: 176.84 ± 0.04 cm; body mass: 77.72 ± 10.75 kg; 
BMI: 24.83 ± 0.57 kg.m-2). Before the beginning of the study, 
written informed consent was obtained from all the participants after 
they were informed about the nature of the research. Consent was 
obtained from Navarre Committee of Soccer Referees. An option was 
given for the referees to withdraw from the test at any point during 
the research. The study was conducted according to the Declaration 
of Helsinki (2013), and the study protocol was approved by the 
local ethics committee.
Procedures
After the analysis of the matches, as covered above, the CODA [15] 
and sprinting ability of the FRs were tested due to the importance 
of these types of movements during competition. To evaluate sprint-
ing quality and the CODA, 5-15 m sprints [16] and the Modified 
Agility T-test (MAT) were selected respectively. Taking into account 
the type of unorthodox movements, including backwards and side-
ways, and as well as forwards sprinting that the FRs performed 
during a match, the CODA test used in this study was a modification 
of the MAT proposed by Sassi et al. [17]. The MAT conserved the 
same directive protocol and included all movements described above. 
Only one modification was proposed to the original MAT, namely that 
the participants touch the top of the cone instead of the base [18]. 
Therefore, the reasons for selecting the MAT were its short duration, 
the variety of movements to perform that the FRs executed during 
matches (forwards, backwards and sideways running), and the fact 
that they did not need to touch the floor with the hand. During 
competition, sprint bout duration ranges between 2-4 seconds in 
elite soccer referees [7] and exactly 1.9 ± 0.6 seconds in interna-
tional games [9]. Moreover, sprint distance rarely exceeds 30 m [7]; 
therefore, in our study we used 5 and 15 m sprints to examine the 
FRs’ sprint capacity, given that this method has been used with 
soccer players in a separate study [16].
Sprint testing
The sprint test consisted of 3 maximum acceleration stretches of 15 
metres with a 180-second rest between each one, giving enough 
time to walk back to the start, as previously described by Yanci [19]. 
The participants were placed at 0.5 m from the starting point, and 
began when they felt ready. Running time was recorded using pho-
tocell gates (Microgate, Polifemo Radio Ligth, Bolzano, Italy) [15] 
placed 0.4 m above the ground, with an accuracy of ±0.001 m. 
The timer was activated automatically as the volunteers passed the 
first gate at the 0 m mark and split times were then recorded at 5 
and 15 m [16]. 
Agility test
The participants began with both feet together at 0.5 m from cone A, 
and completed the circuit as follows (Figure 1): A-B distance (5 m): 
At his own discretion, each subject sprinted forward to cone B and 
touched the top with the right hand. B-C distance (2.5 m): Facing 
forward and without crossing the feet, they shuffled to the left to 
cone D and touched the top with the left hand. C-D distance (5 m): 
The participants then shuffled to the right to cone D and touched 
the top with the right hand. D-B distance (2.5 m): They shuffled 
back to the left to cone B and touched the top. B-A distance (5 m): 
Finally, the participants ran backwards as quickly as possible and 
returned to line A. All participants performed the test 3 times with 
at least 3 minutes of rest between all trials. The total distance covered 
was 20 m, and the height of the cones was 0.3 m. 
The best time recorded was used for statistical analysis. A pho-
tocell (Migrogate Polifemo Radio Light, Bolzano, Italy) located over 
cone A was used to record the time. Time measurement started and 
finished when the subject crossed the line between the tripods. The 
calculated margin of error was ±0.001 m, and the sensors were set 
approximately 0.40 m above the floor. Previously, one extra session 
was planned where all the referees could practice the test. The re-
searchers explained to all the participants the correct way to perform 
the MAT. All participants were able to practise the execution of the 
test between 6 and 8 times. The same warm-up was performed on 
FIG. 1. Modified Agility T-test (MAT).
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every occasion: 3 min jogging, followed by a skipping and scalping 
exercise, strides and three accelerations with change of direction. 
The participants were instructed to perform the test at maximum 
intensity. The tests were carried out outdoors on a synthetic pitch, 
in the usual training space and in the same time slot, between 18:00 
and 19:00 hours. No strenuous exercises were performed within the 
48 h immediately prior to the tests, and the study was supervised 
by the researchers at all times.
Statistical analysis
Results are presented as means ± standard deviations. The intra-
class correlation coefficient (ICC) and coefficient of variation (CV) [20] 
were used to assess MAT reproducibility. Descriptive statistics were 
calculated for all experimental data. The normal distribution of results 
for the variables applied was tested using the Kolmogorov-Smirnov 
test, and statistical parametric techniques were used because vari-
ables showed normal distributions. Statistical significance was set 
at p ≤ 0.05. An independent Student t test was used to determine 
the differences between groups in sprint and agility tests. Pearson 
product-moment correlation (r) coefficients were calculated for the 
two groups (G1 and G2) and used to determine the strength and 
directionality of relationships between the MAT and acceleration over 
5 and 15 m. The threshold values for the Pearson product-moment 
used by Salaj and Marcovic [21] were used to interpret the results: 
low (r ≤ 0.3), moderate (0.3<r ≤ 0.7) and high (r > 0.7). Data 
analysis was performed using the Statistical Package for the Social 
Sciences (version 20.0 for Windows, SPSS Inc, Chicago, IL, USA). 
RESULTS 
The MAT test showed good CV (4.23%) and ICC values (0.89, 
p < 0.001, 95%, range 0.82-0.91). Table 1 shows the sprint 
results over 5 and 15 m for the two groups taking into account the 
competition category.
The result in the MAT for all the soccer referees was 5.94 ± 
0.25 s. After inter-group analysis with respect to each category we 
found significant differences (p<0.001) between G1 (5.72±0.13 s) 
and G2 (6.06±0.30 s) in the MAT test (Figure 2). However, during 
the sprint tests both over 5 m and 15 m, no observable differences 
were found between these two groups. 
Table 2 shows the correlation results among variables where sig-
nificant correlations were found between sprint and agility times in 
the G2 and in the total group. No significant correlations were found 
between sprint and agility times in the G1.
DISCUSSION 
The present study compared running speed and agility performance 
in two groups of soccer referees at different levels of competition. 
To our knowledge no scientific articles have been published about 
5 and 15 m sprints and MAT measurements in soccer referees. We 
found differences between lower level and higher level soccer field 
referees with respect to the CODA performance (MAT), but not in 
sprinting speed (over 5 and 15 m). The analysis of the reproduc-
ibility of the MAT showed good values (ICC=0.89 and CV=4.23%), 
as has been described with other T-design agility tests [17, 21, 22].
With respect to the results in the MAT, significant differences 
(p<0.001) were obtained in the change of direction ability between 
FIG. 2. Modified Agility T-test (MAT) results according to each 
group (mean ± SD).
G1 = higher level group soccer referees; G2 = lower level group 
soccer referees. 
**Significant differences between G1 and G2 (p<0.01).
Group 5 m (s) 15 m (s)
GNAC (n = 20) 0.98±0.02 2.33±0.45
GINF (n = 21) 0.97±0.23 2.33±0.56
Mean dif. (%) 1.02 0.00
TOTAL (n = 41) 0.97±0.18 2.33±0.48
TABLE 1. 5 m and 15 m sprint results according to each group 
(mean ± SD).
 Category 5 m 15 m
MAT Total 0.608** 0.768**
(0.000) (0.000)
GNAC -0.252 0.173
(0.482) (0.633)
GINF 0.617** 0.735**
(0.005) (0.000)
5 m Total - 0.747**
(0.000)
GNAC - 0.139
(0.701)
GINF - 0.760**
(0.000)
TABLE 2. Correlation (r) between MAT test and 5 or 15 m sprint.
Note: G1 = higher level group soccer referees; G2 = lower level group 
soccer referees.
Note: MAT= modified agility test; G1 = higher level group soccer referees; 
G2 = lower level group soccer referees. 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
176
Yanci J et al.
G1 and G2 groups. This finding confirmed the hypothesis that the 
CODA can be used to discriminate between the competitive level of 
the FRs, specifically between national and regional referees. How-
ever, in a study carried out on Italian assistant referees (ARs) where 
agility was evaluated in professional ARs of Series A-B and Lega Pro 
levels, no significant differences were found in the 10-8-8-10 agil-
ity test between these two groups [15]. The contradictory results 
may be due to the different activity profile in FRs and ARs and the 
use of different CODA tests. Therefore, it would be interesting to use 
the MAT to evaluate the CODA ability in elite FRs that belong to 
different categories to find out if there are differences in these com-
petitive levels using the MAT. Moreover, we proposed the application 
of the MAT test, which includes two sideways movements in ARs, 
due to the importance of this unorthodox movement during the 
matches [9, 23, 24]. The differences found with respect to CODA 
in FRs between different competition levels have also been found 
between amateur and professional soccer players [25], with respect 
to the positional role in professional soccer players [26], and between 
selected and non-selected young footballers [27]. In contrast, in 
a separate study on 13-14 year old soccer players, no differences 
were found between selected and non-selected individuals [28].
In acceleration capacity, measured over a 5 m and a 15 m sprint, 
no noteworthy differences were recorded to distinguish between G1 
and G2 groups. Sprint without change-of-direction appears not to be 
a discriminating factor between national and regional FRs. It is difficult 
to compare these results, because no other velocity studies on FRs 
have been found, despite exhaustive searches of the literature. Nev-
ertheless, in other studies carried out on soccer players, differences 
between professionals and amateurs have been found [3, 25]. There-
fore, the CODA ability may be more important than sprint capacity 
for comparing national and regional FRs. In future studies, it would 
be interesting to test these two qualities at higher refereeing levels.
The relationships between sprinting and the CODA have been 
studied in other sports, with controversial results [29-31]. In this 
study, no significant correlations were obtained in G1 between the 
MAT and the capacity to accelerate. Nevertheless, significant cor-
relations were found between sprint and agility times in the G2 and 
in the total group. It should be noted that all correlations were mod-
erate (0.3<r ≤ 0.7) or high (r > 0.7). The contradictory results 
between G1 and G2 may be due to the different training specifica-
tions. However, it is difficult to compare our data, since no other 
studies have been found correlating acceleration, velocity and agility 
in FRs. As Salaj and Marcovic [21] stated, the use of principal com-
ponent factor analysis (PCA) proposes the specificity and the inde-
pendence of agility and acceleration motor abilities. Thus, the issue 
of the relations among the sprinting and CODA abilities in FRs remains 
unresolved. Further studies are necessary to determine the presence 
or absence of correlation between agility and acceleration in FRs. 
Moreover, it would also be very interesting to obtain more data with 
other FR and AR groups, to compare with this current study.
Various investigations have reported that agility can be improved 
by a proper practical progression [13, 32]. Therefore, taking into 
account the possible importance of this ability in matches and its 
trainability, physical trainers should emphasize the training of this 
quality. Moreover, the inclusion of a CODA test in the battery of tests 
used to assess the FRs’ physical conditioning could be very interest-
ing. Future research in this area will involve using the MAT test to 
evaluate the change-of-direction ability in ARs and in elite FRs.
CONCLUSIONS 
The results of this study showed that agility can be used as a dis-
criminating factor for differentiating between higher level and lower 
level FRs; however, no observable differences were found over 5 and 
15 m sprint tests.
Acknowledgements
The author would like to acknowledge the participants from Comité 
Navarro de Árbitros de Fútbol (CNAF). There was no grant/financial 
support provided for this study.
Conflict of interests: the authors declared no conflict of interests 
regarding the publication of this manuscript.
REFERENCES  
  1.  Da Silva I, Fernandez R. Dehydration of 
football referees during a match. Br J 
Sports Med. 2003;37:502-506.
  2.  Reilly T, Gregson W. Special populations: 
the referee and assistant referee. J Sports 
Sci. 2006;24(7):795-801.
  3.  Cometti G, Maffiuletti NA, Pousson M, 
Chatard JC, Maffulli N. Isokinetic 
strength and anaerobic power of elite, 
subelite and amateur French soccer 
players. Int J Sports Med. 
2001;22(1):45-51.
  4.  Castagna C, Abt G, D’Ottavio S. 
Physiological aspects of soccer refereeing 
performance and training. Sports Med. 
2007;37(7):625-646.
  5.  Castagna C, D’Ottavio S. Effect of maximal 
aerobic power on match performance in 
elite soccer referees. J Strength Cond Res. 
2001;15(4):420-425.
  6.  Catterall C, Reilly T, Atkinson G, 
Coldwells A.  Analysis of the work rates 
and heart rates of association football 
referees. Br J Sports Med. 
1993;27(3):193-196.
  7.  D’Ottavio S, Castagna C. Physiological 
load imposed on elite soccer referees 
during actual match play. J Sports Med 
Phys Fitness. 2001;41(1):27-32.
  8.  Krustrup P, Bangsbo J. Physiological 
demands of top-class soccer refereeing in 
relation to physical capacity: effect of 
intense intermittent exercise training. J 
Sports Sci. 2001;19: 881-891.
  9.  Krustrup P, Helsen W, Randers MB, 
Christensen JF, MacDonald C, Rebelo 
AN, Bangsbo J. Activity profile and 
physical demands of football referees and 
assistant referees in international games. 
J Sports Sci. 2009;27(11):1167-1176.
10.  Johnston L, McNaughton L. The 
physiological requirements of soccer 
refereeing. Aust J Sci Med Sport. 
1994;26(3-4):67-72.
11.  Stølen T, Chamari K, Castagna C, Wisløff 
U. Physiology of soccer: an update. 
Sports Med. 2005;35(6):501-536.
12.  Casajus JA, Castagna C. Aerobic fitness 
and field test performance in elite 
Spanish soccer referees of different ages. 
J Sci Med Sport. 2007;10:382-389.
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
Biology of Sport, Vol. 33 No2, 2016   177
Physical performance in soccer referees
13.  Holmberg P. Agility training for 
experienced athletes: A Dynamical 
Systems Approach. Strength Cond J. 
2009;31(5):73-78. 
14.  Young WB, Willey B. Analysis of a 
reactive agility field test. J Sci Med Sport. 
2010;13(3):376-378.
15.  Castagna C, Impellizzeri FM, Bizzini M, 
Weston M, Manzi V. Applicability of 
change of direction ability field test in 
soccer assistant referees. J Strength 
Cond Res. 2011;25(3):860-866.
16.  Gorostiaga EM, Llodio I, Ibáñez J, 
Granados C, Navarro I, Ruesta M, 
Bonnabau H, Izquierdo M. Differences in 
physical fitness among indoor and 
outdoor elite male soccer players. Eur J 
Appl Physiol. 2009;106:483-491.
17.  Sassi RH, Dardouri W, Yahmed MH, 
Gmada N, Mahfoudhi ME, Gharbi Z. 
Relative and absolute reliability of a 
Modified Agility T-Test and its relationship 
with vertical jump and straight sprint.  
J Strength Cond Res. 2009;23(6):1644-
1651.
18.  Yanci J, Reina R, Los Arcos A, Cámara J. 
Effects of different contextual interference 
training programs on agility and speed 
performance of primary school students. 
J Sports Sci Med. 2013;12:601-607.
19.  Yanci J. (2014). Changes in the physical 
fitness of soccer referees: a longitudinal 
study. RICYDE. Int J Sports Sci. 
2014;38(10):336-345.
20.  Atkinson G, Nevill AM. Statistical 
methods for assessing measurement 
error (reliability) in variables relevant to 
sports medicine. Sports Med. 
1998;26(4):217-223.
21.  Salaj S, Marckovic G. Specificity of 
jumping, sprinting, and quick change of 
direction motor abilities. J Strength Cond 
Res. 2011;25(5):1249-55.
22.  Pauole K, Madole K, Garhammer J, 
Lacourse M, Rozenek R. Reliability and 
validity of T-test as a measure of agility, 
leg power, and leg speed in college-age 
men and women. J Strength Cond Res. 
2000;14:443-450.
23.  Mallo J, Navarro E, García-Aranda JM, 
Gilis B, Helsen W. Analysis of the 
kinematical demands imposed on 
top-class assistant referees during 
competitive soccer matches. J Strength 
Cond Res. 2008;22(1):235-242.
24.  Mallo J, Navarro E, García-Aranda JM., 
Helsen W. Physical demands of top-class 
soccer assistant refereeing during 
high-standard matches. Int J Sports 
Med. 2009;30(5):331-336. 
25.  Kaplan T, Erkmen N, Taskin H. The 
evaluation of the running speed and 
agility performance in professional and 
amateur soccer players. J Strength Cond 
Res. 2009;23(3):774-778.
26.  Raven PB, Gettman LR, Pollock ML, 
Cooper KH. A physiological evaluation of 
professional soccer players. Br J Sports 
Med. 1976;10(4):209-216.
27.  Gravina L, Gil SM, Ruiz F, Zubero J, Gil J, 
Irazusta J. Anthropometric and 
physiological differences between first 
team and reserve soccer players aged 
10-14 years at the beginning and end of 
the season. J Strength Cond Res. 
2008;22(4):1308-1314.
28.  Coelho E, Silva MJ, Figueiredo AJ, 
Simões F, Seabra A, Natal A, Vaeyens R, 
Philippaerts R, Cumming SP, Malina RM. 
Discrimination of U-14 soccer players by 
level and position. Int J Sports Med. 
2010;31(11):790-796.
29.  Gabbett TJ, Kelly JN, Sheppard JM. 
Speed, change of direction speed, and 
reactive agility of rugby league players. J 
Strength Cond Res. 2008;22(1):174-
181.
30.  Little T, Williams AG. Specificity of 
acceleration, maximum speed, and 
agility in professional soccer players. J 
Strength Cond Res. 2005;19:76–78. 
31.  Young W, Hawken M, McDonald L. 
Relationships between speed, agility and 
strength qualities in Australian Rules 
football. Strength Cond Coach. 
1996;4:3-6.
32.  Brughelli M, Cronin J, Levin G, 
Chaouachi A. Understanding change of 
direction ability in sport. Sports Med. 
2008;38(12):1045-1063.
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
 
 
 
 
 
 
 
